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Market assessment was r e f i n e d  dur ing  FY 1980 wi th  a n a l y s i s  d isaggregated 

from a n a t i o n a l  l e v e l  to  t h e  reg iona l  l e v e l  and t o  s p e c i f i c  market 

a p p l i c a t i o n s ,  r e s u l t i n g  i n  more a c c u r a t e  and d e t a i l e d  market e s t ima tes .  

The development of  an i o i e g r a t e d  set of  computer s i m u l a t i m s ,  coupled wi th  

re f ined  market d a t a ,  has  allowed tremendous p rogress  i n  our  a b i l i t y  t o  

eva lua te  t h e  worth of s c l a r  thermal p a r a b o l i c  d i s h  systems. It is now 

p o s s i b l e  t o  perform in-depth ana lyses  of  both  e l e c t r i c  and thermal market 

a p p l i c a t i o n s  of these  systems. 

The following market a s s e s s m e ~ t  s t u d i e s  were undertaken i n  1980: 

- Regional a n a l y s i s  of  t h e  near term market f o r  PD systems 

- P o t e n t i a l  e a r l y  market e s t ima te  f o r  e l e c t r i c  a p p l i c a t i o n s  

- P o t e n t i a l  e a r l y  market e s t i m a t e  f o r  IPH/cogeneration a p p l i c a t i o n s  

- Selec t ion  of thermal and e l e c t r i c  a p p l i c a t i o n  c a s e  s t u d i e s  f o r  FY 1981 

Regional Analys is  

A computer s imulat ion program was used t o  e v a l u a t e  t h e  e f f e c t  on t h e  

l e v e l i z e d  busbar energy c o s t  of Inc reas ing  product ion l e v e l s  of  two types  o f  

s o l a r  thermal e l e c t r i c  power p lan t  systems i n  each of  13 U.S. r eg ions .  The 

f i r s t - g e n e r a t i o n  sol ar thermal r e fe rence  system was a p a r a b o l i c  d i s h  with a 

Brayton engine ,  wi th  a production l e v e l  o f  up t o  25,000 modules pe r  yea r ;  t h e  

second generat ion case  used an improved d i s h  and a S t i r l i n g  engine ,  with 

production l e v e l s  frolc 25,000 t o  100,000 u n i t s  per  year.  



The input data for  the t w o  generations were held constant while the d i r w t  

normal insolatSw resources cf each mgi"ii ustw changed to  obtain the affect  

of regiotn\ insolation on the levelized busbar energy cost (BBEC). The 

levelized busbar energy costs for three conventional power generation systems 

were estimated region by region for the y sars 1985, 1995 md 2000. Then the 

BBEC for the three convent tonal power systems were compared to  the Po elect,ric 

option to determine potential early markets. Thc! resc l ts  were that PD could 

be competitive wi th  oi l-f ired power plants before 1380 in  Western and 

Southwestern regions. The second generation of technolow, even w i t h  annual 

p ~ d u c t i o n  of 100,000 modules/year w i l l  not be competitive w i t h  intermediate 

an3 large c a l l  ?ewer plants before the year 2000 i n  many s ta tes .  
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Elec  t r i o  Appl ica t ion 

A s  the  first s t e p  i n  estimating the e l e c t r i c  a p p l i o a t i o n  market siee, it 

wa3 determined t h a t  BTU's of  o i l  and g a s  burned was a more r e l e v a n t  market 

size es t ima te  than e x i s t i n g  o i l  and gas capac i ty .  Fur tnbr ,  r e l y i n g  on t h e  SAI 

oaae study r e s u l t s ,  t h e  near-term (1985-1990) market f o r  PD e l e c t r i c a l  
. , 

a p p l i c a t i o n s  w i l l  be l imi ted  t o  i s o l a t e d  u t i l i t i e s  and u t i l i t i e s  wi th  
,.. 

favorab le  f i n a n c i r a :  munic ipals ,  r u r a l  e l e c t r i c  coopera t ives ,  and f e d e r a l  

i n s t a l l a t i o n s .  An inventory  was ther! compiled of  o i l  and gas - f i r ed  g e n e r a t i n g  

p1;nt.s used by e l e c t r i c  u t i l i t i e s  i n  h igh  i n s o l a t i o n  s t a t e s  i n  t h e  U.S. Based 

on t h i s  inventory  and the  above assumptions,  t h e  maximum near-term e l e c t r i c a l  

a p p l i c a t i o n  market s i z e  is 4'iO t r i l i i o n  BTU's o r  890,000 d i s h  modules.* 

1OTAL 2 0 ,  sno 

The t i . . b r ~ ~ n a l  v a l u e s  o f  s o l a r  p r n r r . t i o n  d i a p l a c r n p  o i l  and gas 
rn tt1c.c m.trkt.ts rn 1'185 a r e  e x p e c t e d  t o  range from 1 2 0  mil l s /kWh 
t o  KO m ~ l l ~ / h l ! h  ( 1 0 8 0  $ ) .  .: Thr> column m c ~ r l y  r r p r r s e n t s  t h e  nunher of s o l a r  modules  ~ r t j ~ ~ i r e d  
t o  S F I ~ C * I U I C  t h e  Samr .~mr~unt o f  e l e c t r i c  energy  c u r r e n t l y  s r n r r a t t d  
hy t h c  0 1 1  a n d  & a s  u n i t s  i n  t h r s c  u t ~ l i t i c s .  

Note t h a t  t h i s  is the  t o t a l  replacement f i g u r e ,  not  an annual  market 
s i z e .  It is assumed that convent ional  s y s t e m  have a  h e a t  r a t e  o f  12,000 
Btu/kWh, and t h a t  the  e l e c t r i c a l  o u t p u t  of  a d i s h  ranges  from 32 t o  52 
thousand kUh/year, d e p e n d i q  an the reg iona l  i n s o l a t i o n .  



Non-elec t r i c  (IPH) A p p l i c a t i o n  

It was assumed t h a t  t h e  i n d u s t r i a l  market would a l s o  be l i m i t e d  t o  areas 

of h i g h  i n s o l a t i o n .  Within t h e s e  a r e a s ,  i n d u s t r i e s  w i t h  annua l  e n e r g  

consumption of 5 t z i l l i o n  BTU1s o r  more o f f e r  t h e  h i g h e s t  p o t e n t i a l  market 

p e n e t r a t i o n .  R e p r e s e n t a t i v e s  o f  i n d u s t r i e s  i d e n t i f i e d  i n  t h e s e  areas were 

c o n t a c t e d  t o  de termine  t h e  c o n s t r a i n t s ,  i f  any,  on t h e  u s e  o f  s o l a r  f c r  

s p e c i f i c  IPH a p p l i c a t i o n s .  I n d u s t r y  r e sponses  prompted t h e  removal o f  

a p p l i c a t i o n s  i n  pe t ro leum r e f i n i n g  and i r o n  and steel f o u n d r i e s  from t h e  

market e s t i m a t e s :  land  c o n s t r a i n t s  were p r o h i b i t i v e  i n  bo th  a p p l i c a t i o n s ;  t h e  

f o u n d r i e s  needed d i r e c t  h e a t  r a t h e r  t han  h e a t  d e ~ i v e d  from steam. There  were 

f i v e  i n d u s t r i e s  which d i d  not  have any s i g n i f i c a n t  b a r r i e r s  a g a i n s t  t h e  u s e  of  

s o l a r  thermal  systems i n  t h e  nea r  f u t u r e :  i n d u s t r i a l  i n o r g a n i c  chemica l s ,  

a g r i c u l t u r e  chemica l s ,  s u g a r  r e f i n i n g ,  h y d r a u l i c  cement, and enhanced o i l  

recovery .  The near- term maximum p o t e n t i a l  market i n  t h e s e  i n d u s t r i e s  is 

e s t i m a t e d  to  be 450 t r i l l i o n  BTU's, o r  an e q u i v a l e n t  o f  880 thousand d i s h e s ,  
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Thus, the  t o t a l  p o t e n t i a l  new market f o r  PD s y s t e m  i n  e l e c t r i c a l  and 

n o n - e l e c t r i c a l  a p p l i c a t i o n s  is about one quad, o r  e q u i v a l e n t l y ,  1,770,000 PD 

modules. 

These e s t i m a t e s ,  as noted p rev ious ly ,  a r e  t h e  maximum p o t e n t i a l  market f o r  

s o l a r  systems. Two important  i s s u e s  consequently a r i s e :  f i r s t ,  how much 

p e n e t r a t i o n  w i l l  be achieved by s o l a r  thermal t echno log ies  i n  g e n e r a l ,  and 

second, how much of t h i s  p e n e t r a t i o n  may be achieved s p e c i f i c a l l y  by p a r a b o l i c  

d i s h  systems? 

The l a t t e r  i s s u e  invo lves  d e f i n i n g  t h e  comparative advantages o f  PD 

systems over trough and c e n t r a l  r e c e i v e r  systems. PD systems have some 

advantages over both t roughs  and c e n t r a l  r e c e i v e r s  i n  i n d u s t r i a l  

a p p l i c a t i o n s .  Dishes a r e  more e f f i c i e n t  than t roughs ,  and a r e  a b l e  t o  o p e r a t e  

i n  h igher  temperature ranges  (above 550° F). Close t o  80% o f  the  IPH market 

r e q u i r e s  temperatures above 550° F. Although e f f i c i e n c y  a lone  does not make 

a technology more a t t r a c t i v e ,  s o l a r  thermal is a land i n t e n s i v e  technologv. 

High e f f i c i e n c y  i n  t h i s  c a s e  impl ies  smal le r  land requirements  and thus  

m i t i g a t e s  one of the  c r i t i c a l  b a r r i e r s  t o  e n t r y  i n t o  t h i s  market. 

Land c o n s t r a i n t s  a s  we l l  a s  thermal t r a n s p o r t  c o s t s  a r e  a l s o  p o t e n t i a l  

problems with c e n t r a l  r e c e i v e r  systems. Because of  t h e i r  modular i ty ,  

PD systems not only r e q u i r e  l e s s  land f o r  the  same expected e f f e c t i v e  o u t p u t ,  

but  t h e  land need not be contiguous.  

For e l e c t r i c  a p p l i c a t i o n s ,  PD systems a r e  aga in  not  only  more e f f i c i e n t  

than troughs,  but they a l s o  show more f l e x i b i l i t y  i n  d i s p a t c h  c~p t ions .  The 

two-axis t r ack ing  a l lows opt imal  adjustment t o  seasona l  demand and i n s o l a t i o n  

v a r i a t i o n s ,  and thus  d i f f e r e n t  sun-following o r  load th resho ld  d i s p a t c h  

s t r a t e g i e s  may be adopted a t  any time. 



The major  advantage  o f  a PD sys tem o v e r  t h e  c e n t r a l  r e c e i v e r  l ies i n  t h e  

s y s t e m ' s  modu la r i t y ;  n o t  because  o f  land  c o n s t r a i n t s ,  bu t  because  o f  t h e  

d i f f e r e n t  p a t t e r n s  o f  c a p i t a l  c o s t s ,  C e n t r a l  r e c e i v e r s  r e q u i r e  a much h i g h e r  

i n i t i a l  c a s h  o u t l a y ,  s i n c e  t h e  e n t i r e  sys tem must be i n s t a l l e d  b e f o r e  any  

power is gene ra t ed .  The c a p i t a l  c o s t a  of an e q u i v a l e n t  PD sys t em,  on t h e  

o t h e r  hand, may be spread  o u t  ove r  many y e a r s  as t h e  s y s t e m ' s  c a p a c i t y  is 

i n c r e a s e d .  

Case S t u d i e s  

Case s t u d i e s  performed w i t h  computer s i m u l a t i o n  models w i l l  be used t o  

e s t i m a t e  market p e n e t r a t i o n  i n  s p e c i f i c  a p p l i c a t i o n s  ove r  time. 

Documentation, t e s t i n g ,  and i n t e g r a t i o n  o f  t h e  models were performed i n  FY 

1 980. 

These s t u d i e s  were s e l e c t e d  t o  r e p r e s e n t  a  broad range  o f  s i z e s ,  

ownership,  i n s o l a t i o n ,  u t i l i t y  l oad  c h a r a c t e r i s t i c s ,  and u t i l i t y  g e n e r a t i o n  

mix. A t  p r e s e n t ,  c a s e  s t u d i e s  f o r  Molokai,  Hawaii,  Osage C i t y ,  Kansas,  

Burbank, C a l i f o r n i a ,  t h e  S a l t  R ive r  P r o j e c t  i n  Ar izona ,  and t h e  Sou the rn  

C a l i f o r n i a  Edison Company i n  C a l i f o r n i a  a r e  planned f o r  FY 1981. 




